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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

16-Bit

32MHz

I2C, IrDA, LINbus, PMP, SPI, UART/USART
Brown-out Detect/Reset, DMA, HLVD, POR, PWM, WDT
85

512KB (170K x 24)

FLASH

32Kx 8

2V ~ 3.6V

A/D 24x10/12b

Internal

-40°C ~ 85°C (TA)
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121-TFBGA

121-TFBGA (10x10)
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PIC24FJ1024GA610/GB610 FAMILY

4.1.1 PROGRAM MEMORY
ORGANIZATION

The program memory space is organized in word-
addressable blocks. Although it is treated as 24 bits
wide, it is more appropriate to think of each address of
the program memory as a lower and upper word, with
the upper byte of the upper word being unimplemented.
The lower word always has an even address, while the
upper word has an odd address (Figure 4-3).

Program memory addresses are always word-aligned
on the lower word and addresses are incremented or
decremented by two during code execution. This
arrangement also provides compatibility with data
memory space addressing and makes it possible to
access data in the program memory space.

In Single Partition mode, user program memory is
arranged in a contiguous block starting at address,
000000h.

41.2 DUAL PARTITION FLASH PROGRAM
MEMORY ORGANIZATION

In the Dual Partition modes, the device’s memory is
divided evenly into two physical sections, known as
Partition 1 and Partition 2. Each of these partitions con-
tains its own program memory and Configuration
Words. During program execution, the code on only
one of these panels is executed; this is the Active Par-
tition. The other partition, or the Inactive Partition, is not
used, but can be programmed.

The Active Partition is always mapped to logical
address, 000000h, while the Inactive Partition will
always be mapped to logical address, 400000h. Note
that even when the code partitions are switched
between Active and Inactive by the user, the address of
the Active Partition will still be at 000000h and the
address of the Inactive Partition will still be at 400000h.

The Boot Sequence Configuration Word (FBTSEQ)
determines whether Partition 1 or Partition 2 will be active
after Reset. If the part is operating in Dual Partition mode,
the partition with the lower Boot Sequence Number will
operate as the Active Partition (FBTSEQ is unused in
Single Partition mode). The partitions can be switched
between Active and Inactive by reprogramming their
Boot Sequence Numbers, but the Active Partition will not
change until a device Reset is performed. If both Boot
Sequence Numbers are the same, or if both are
corrupted, the part will use Partition 1 as the Active Parti-
tion. If only one Boot Sequence Number is corrupted, the
device will use the partition without a corrupted Boot
Sequence Number as the Active Partition.

Should a Boot Sequence Number be invalid (or
unprogrammed), it will be overridden to value, 0XO0OOFFF
(i.e., the highest possible Boot Sequence Number).

The user can also change which partition is active at run
time using the BOOTSWP instruction. Issuing a BOOTSWP
instruction does not affect which partition will be the
Active Partition after a Reset. Figure 4-2 demonstrates
how the relationship between Partitions 1 and 2, shown
in red and blue respectively, and the Active and Inactive
Partitions are affected by reprogramming the Boot
Sequence Number or issuing a BOOTSWP instruction.

The P2ACTIV bit (NVMCON<10>) can be used to deter-
mine which physical partition is the Active Partition. If
P2ACTIV = 1, Partition 2 is active; if P2ACTIV = 0,
Partition 1 is active.

41.3 HARD MEMORY VECTORS

All PIC24F devices reserve the addresses between
000000h and 000200h for hard-coded program execu-
tion vectors. A hardware Reset vector is provided to
redirect code execution from the default value of the PC
on a device Reset to the actual start of code. A GOTO
instruction is programmed by the user at 000000h, with
the actual address for the start of code at 000002h.

The PIC24FJ1024GA610/GB610 devices can have up to
two Interrupt Vector Tables (IVT). The first is located from
addresses, 000004h to 0000FFh. The Alternate Interrupt
Vector Table (AIVT) can be enabled by the AIVTDIS Con-
figuration bit if the Boot Segment (BS) is present. If the
user has configured a Boot Segment, the AIVT will be
located at the address, (BSLIM<12:0> — 1) x 0x800.
These vector tables allow each of the many device
interrupt sources to be handled by separate ISRs. A
more detailed discussion of the Interrupt Vector Tables is
provided in Section 8.1 “Interrupt Vector Table”.

414 CONFIGURATION BITS OVERVIEW

The Configuration bits are stored in the last page loca-
tion of implemented program memory. These bits can be
set or cleared to select various device configurations.
There are two types of Configuration bits: system oper-
ation bits and code-protect bits. The system operation
bits determine the power-on settings for system-level
components, such as the oscillator and the Watchdog
Timer. The code-protect bits prevent program memory
from being read and written.

Table 4-2 lists the Configuration register address range
for each device in Single and Dual Partition modes.
Table 4-2 lists all of the Configuration bits found in the
PIC24FJ1024GA610/GB610 family devices, as well as
their Configuration register locations. Refer to
Section 30.0 “Special Features” in this data sheet for
the full Configuration register description for each
specific device.
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EXAMPLE 6-3: PROGRAMMING A DOUBLE WORD OF FLASH PROGRAM MEMORY
(‘C’ LANGUAGE CODE)

/1 C exanpl e using MPLAB XC16

unsi gned | ong progAddr = OxXXXXXX; /1 Address of word to program

unsi gned int progDatall = OxXXXX; // Data to program|ower word of word 1
unsi gned char progbDatalH = 0xXX; // Data to program upper byte of word 1
unsi gned int progData2lL = OxXXXX; // Data to programlower word of word 2
unsi gned char progDat a2H = 0xXX; // Data to program upper byte of word 2
//Set up NVMCON for word progranm ng

NVMCON = 0x4001; /1 Initialize NVMCON

TBLPAG = OxFA; /1 Point TBLPAG to the wite |atches

//Set up pointer to the first menory location to be witten

NVMADRU = pr ogAddr >>16; /1 Initialize PM Page Boundary SFR
NVMADR = progAddr & OxFFFF; /1 Initialize |ower word of address
//Perform TBLWI instructions to wite |atches
__builtin_tblwtl (0, progbDatall); // Wite word 1 to address |ow word
__builtin_tblwth(0, progbData2H); // Wite word 1 to upper byte
__builtin_tblwtl (1, progbData2l); // Wite word 2 to address | ow word
__builtin_tblwth(1, progbData2H); // Wite word 2 to upper byte
asm(“DI SI #5"); /1 Block interrupts with priority <7 for next 5
/'l instructions
__builtin_wite_NVM); /1 XC16 function to performunlock sequence and set WR

DS30010074D-page 96 © 2015-2016 Microchip Technology Inc.
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REGISTER 9-5: DCOCON: DIGITALLY CONTROLLED OSCILLATOR ENABLE REGISTER
U-0 U-0 R/W-0 U-0 R/W-0 R/W-1 R/W-1 R/W-1
DCOEN DCOFSEL3 | DCOFSEL2 | DCOFSEL1 | DCOFSELO
bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 15-14
bit 13

bit 12
bit 11-8

bit 7-0

Unimplemented: Read as ‘0’
DCOEN: DCO Enable bit

1 = DCO continues to operate during Sleep mode
0 = DCO is inactive during Sleep mode
Unimplemented: Read as ‘0’

DCOFSEL<3:0>: DCO Frequency Select bits
0000 =1 MHz

0001 =2 MHz

0010 = 3 MHz

0011 =4 MHz

0100 =5 MHz

0101 =6 MHz

0110 =7 MHz

0111 = 8 MHz (most accurate oscillator setting)
1000 = Reserved; do not use

1001 = Reserved; do not use

1010 = Reserved; do not use

1011 = Reserved; do not use

1100 = Reserved; do not use

1101 = Reserved; do not use

1110 =15 MHz

1111 =30 MHz

Unimplemented: Read as ‘0’

© 2015-2016 Microchip Technology Inc.
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REGISTER 10-8:

PMDS8: PERIPHERAL MODULE DISABLE REGISTER 8

u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0
UMD U5MD CLC4MD CLC3MD CLC2MD CLC1MD — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR

‘1’ = Bit is set

‘0’ = Bit is cleared

x = Bit is unknown

bit 15-8
bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1-0

Unimplemented: Read as ‘0’

U6MD: UART6 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
U5MD: UART5 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
CLC4MD: CLC4 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
CLC3MD: CLC3 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
CLC2MD: CLC2 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
CLC1MD: CLC1 Module Disable bit

1 = Module is disabled

0 = Module power and clock sources are enabled
Unimplemented: Read as ‘0’

© 2015-2016 Microchip Technology Inc.
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11.0 1/0 PORTS

This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to
the “dsPIC33/PIC24 Family Reference
Manual”, “1/O Ports with Peripheral
Pin Select (PPS)” (DS39711), which is
available from the Microchip web site
(www.microchip.com). The information in
this data sheet supersedes the information
in the FRM.

Note:

All of the device pins (except VDD, Vss, MCLR and
OSCI/CLKI) are shared between the peripherals and the
Parallel I/O (PIO) ports. All /O input ports feature
Schmitt Trigger (ST) inputs for improved noise immunity.

11.1  Parallel /O (PIO) Ports

A Parallel I/0 port that shares a pin with a peripheral is,
in general, subservient to the peripheral. The periph-
eral's output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pin. The logic also prevents “loop through”, in
which a port’s digital output can drive the input of a

FIGURE 11-1:

peripheral that shares the same pin. Figure 11-1 shows
how ports are shared with other peripherals and the
associated /O pin to which they are connected.

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as a
general purpose output pin is disabled. The I/O pin may
be read, but the output driver for the parallel port bit will be
disabled. If a peripheral is enabled, but the peripheral is
not actively driving a pin, that pin may be driven by a port.

All port pins have three registers directly associated
with their operation as digital 1/0Os and one register
associated with their operation as analog inputs. The
Data Direction register (TRISx) determines whether the
pin is an input or an output. If the data direction bit is a
‘1’, then the pin is an input. All port pins are defined as
inputs after a Reset. Reads from the Output Latch
register (LATx), read the latch; writes to the latch, write
the latch. Reads from the PORTXx register, read the port
pins; writes to the port pins, write the latch.

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISx registers, and the port pin, will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is regarded as a
dedicated port because there is no other competing
source of inputs.

BLOCK DIAGRAM OF A TYPICAL SHARED PORT STRUCTURE
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11.4.3.3

The control schema of the Peripheral Pin Select is
extremely flexible. Other than systematic blocks that
prevent signal contention, caused by two physical pins
being configured as the same functional input or two
functional outputs configured as the same pin, there
are no hardware enforced lockouts. The flexibility
extends to the point of allowing a single input to drive
multiple peripherals or a single functional output to
drive multiple output pins.

Mapping Limitations

11.4.3.4 Mapping Exceptions for
PIC24FJ1024GA610/GB610 Family

Devices

Although the PPS registers theoretically allow for
inputs to be remapped to up to 64 pins, or for outputs
to be remapped from 32 pins, not all of these are
implemented in all devices. For 100-pin or 121-pin
variants of the PIC24FJ1024GA610/GB610 family
devices, 32 remappable input/output pins are available
and 12 remappable input pins are available. For 64-pin
variants, 29 input/outputs and 1 input are available.
The differences in available remappable pins are
summarized in Table 11-5.

When developing applications that use remappable
pins, users should also keep these things in mind:

» For the RPINRX registers, bit combinations corre-
sponding to an unimplemented pin for a particular
device are treated as invalid; the corresponding
module will not have an input mapped to it.

» For RPORX registers, the bit fields corresponding
to an unimplemented pin will also be
unimplemented; writing to these fields will have
no effect.

1144 CONTROLLING CONFIGURATION
CHANGES

Because peripheral remapping can be changed during

run time, some restrictions on peripheral remapping

are needed to prevent accidental configuration

changes. PIC24F devices include three features to

prevent alterations to the peripheral map:

» Control register lock sequence

+ Continuous state monitoring

+ Configuration bit remapping lock

11.4.4.1 Control Register Lock

Under normal operation, writes to the RPINRx and
RPORX registers are not allowed. Attempted writes will
appear to execute normally, but the contents of the
registers will remain unchanged. To change these reg-
isters, they must be unlocked in hardware. The register
lock is controlled by the IOLOCK bit (OSCCON<6>).
Setting IOLOCK prevents writes to the control
registers; clearing IOLOCK allows writes.

To set or clear IOLOCK, a specific command sequence
must be executed:

1. Write 46h to OSCCON<7:0>.
2. Write 57h to OSCCON<7:0>.
3. Clear (or set) IOLOCK as a single operation.

Unlike the similar sequence with the oscillator’s LOCK
bit, IOLOCK remains in one state until changed. This
allows all of the Peripheral Pin Selects to be configured
with a single unlock sequence, followed by an update
to all control registers, then locked with a second lock
sequence.

11.44.2

In addition to being protected from direct writes, the con-
tents of the RPINRx and RPORX registers are constantly
monitored in hardware by shadow registers. If an unex-
pected change in any of the registers occurs (such as cell
disturbances caused by ESD or other external events), a
Configuration Mismatch Reset will be triggered.

Continuous State Monitoring

11443

As an additional level of safety, the device can be
configured to prevent more than one write session to
the RPINRx and RPORXx registers. The IOL1WAY
(FOSC<5>) Configuration bit blocks the IOLOCK bit
from being cleared after it has been set once. If
IOLOCK remains set, the register unlock procedure will
not execute and the Peripheral Pin Select Control reg-
isters cannot be written to. The only way to clear the bit
and re-enable peripheral remapping is to perform a
device Reset.

Configuration Bit Pin Select Lock

In the default (unprogrammed) state, IOL1WAY is set,
restricting users to one write session. Programming
IOL1WAY allows users unlimited access (with the
proper use of the unlock sequence) to the Peripheral
Pin Select registers.

TABLE 11-5: REMAPPABLE PIN EXCEPTIONS FOR PIC24FJ1024GA610/GB610 FAMILY DEVICES

RPn Pins (1/0O) RPIn Pins
Device
Total Unimplemented Total Unimplemented
PIC24FJXXXGB606 28 RP5, RP15, RP30, RP31 1 All except RPI137
PIC24FJXXXGX61X 32 — 12 —
PIC24FJXXXGAGB06 29 RP5, RP15, RP31 1 All except RPI37

DS30010074D-page 162
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REGISTER 11-20: RPINRS8: PERIPHERAL PIN SELECT INPUT REGISTER 8

u-0 uU-0 uU-0 u-0 u-0 uU-0 u-0 u-0
bit 15 bit 8
u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — IC3R5 IC3R4 IC3R3 IC3R2 IC3R1 IC3RO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-6 Unimplemented: Read as ‘0’
bit 5-0 IC3R<5:0>: Assign Input Capture 3 (IC3) to Corresponding RPn or RPIn Pin bits

REGISTER 11-21: RPINR11l: PERIPHERAL PIN SELECT INPUT REGISTER 11

u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — OCFBR5 OCFBR4 OCFBR3 OCFBR2 OCFBR1 OCFBRO
bit 15 bit 8

u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — OCFARS5 OCFAR4 OCFAR3 OCFAR2 OCFAR1 OCFARO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’

bit 13-8 OCFBR<5:0>: Assign Output Compare Fault B (OCFB) to Corresponding RPn or RPIn Pin bits
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 OCFAR<5:0>: Assign Output Compare Fault A (OCFA) to Corresponding RPn or RPIn Pin bits

DS30010074D-page 168 © 2015-2016 Microchip Technology Inc.
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14.0 INPUT CAPTURE WITH
DEDICATED TIMERS
Note: This data sheet summarizes the features

of this group of PIC24F devices. It is
not intended to be a comprehensive
reference source. For more information,
refer to the “dsPIC33/PIC24 Family Refer-
ence Manual’,
Dedicated Timer” (DS70000352), which
is available from the Microchip web site
(www.microchip.com). The information in
data
information in the FRM.

this

"Input Capture with

sheet supersedes the

Devices in the PIC24FJ1024GA610/GB610 family
contain six independent input capture modules. Each
of the modules offers a wide range of configuration and
operating options for capturing external pulse events
and generating interrupts.

Key features of the input capture module include:

» Hardware-Configurable for 32-Bit Operation in all
modes by Cascading Two Adjacent modules

» Synchronous and Trigger modes of Output
Compare Operation with up to 31 User-Selectable
Sync/Trigger Sources Available

* A 4-Level FIFO Buffer for Capturing and Holding
Timer Values for Several Events

» Configurable Interrupt Generation

* Up to 6 Clock Sources Available for each module,
Driving a Separate Internal 16-Bit Counter

The module is controlled through two registers: ICXCON1
(Register 14-1) and ICxCON2 (Register 14-2). A general
block diagram of the module is shown in Figure 14-1.

FIGURE 14-1:

14.1 General Operating Modes
SYNCHRONOUS AND TRIGGER
MODES

When the input capture module operates in a Free-
Running mode, the internal 16-bit counter, ICXTMR,
counts up continuously, wrapping around from FFFFh
to 0000h on each overflow. Its period is synchronized
to the selected external clock source. When a capture
event occurs, the current 16-bit value of the internal
counter is written to the FIFO buffer.

14.1.1

In Synchronous mode, the module begins capturing
events on the ICx pin as soon as its selected clock
source is enabled. Whenever an event occurs on the
selected Sync source, the internal counter is reset. In
Trigger mode, the module waits for a Sync event from
another internal module to occur before allowing the
internal counter to run.

Standard, free-running operation is selected by setting
the SYNCSEL<4:0> bits (ICxCON2<4:0>) to ‘00000’
and clearing the ICTRIG bit (ICxCON2<7>). Synchro-
nous and Trigger modes are selected any time the
SYNCSELXx bits are set to any value except ‘00000’
The ICTRIG bit selects either Synchronous or Trigger
mode; setting the bit selects Trigger mode operation. In
both modes, the SYNCSELXx bits determine the Sync/
Trigger source.

When the SYNCSELXx bits are set to ‘00000’ and
ICTRIG is set, the module operates in Software Trigger
mode. In this case, capture operations are started by
manually setting the TRIGSTAT bit (ICXCON2<6>).

INPUT CAPTURE x BLOCK DIAGRAM

ICx Pin®

ICx Clock
Sources

Sync and

Note 1:

ICM<2:0>

ALLL!

Trigger Sources

ICl1<:0>
Prescaler Edge Detect Logic ! Event and Set ICxIF
Counter > and F——% Interrupt
1:1/4/16 Clock Synchronizer |1 Logic
ICTSEL<2:0>
r———-—-—- - ‘ ' —————— a
Increment 16 I
Clock ' | 4-Level FIFO Buffer
Select 4’* ICXTMR %
A !
I
I
I
Sync and | Reset !
Trigger N ICXBUF |
Logic I
SYNCSEL<4:0> L= =
Trigger *
ICOV, ICBNE System Bus

The ICx input must be assigned to an available RPn/RPIn pin before use. See Section 11.4 “Peripheral Pin
Select (PPS)” for more information.

© 2015-2016 Microchip Technology Inc.
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16.4 Input Capture Mode

Input Capture mode is used to capture a timer value
from an independent timer base upon an event on an
input pin or other internal Trigger source. The input
capture features are useful in applications requiring
frequency (time period) and pulse measurement.
Figure 16-6 depicts a simplified block diagram of the
Input Capture mode.

Input Capture mode uses a dedicated 16/32-bit, synchro-
nous, up counting timer for the capture function. The timer
value is written to the FIFO when a capture event occurs.
The internal value may be read (with a synchronization
delay) using the CCPxTMRH/L registers.

To use Input Capture mode, the CCSEL bit
(CCPxCON1L<4>) must be set. The T32 and
MOD<3:0> bits are used to select the proper Capture
mode, as shown in Table 16-3.

TABLE 16-3: INPUT CAPTURE MODES
MOD<3:0> . 32 Operating Mode
(CCPXCON1L<3:0>) | (CCPxCON1L<5>)
0000 0 Edge Detect (16-bit capture)
0000 1 Edge Detect (32-bit capture)
0001 0 Every Rising (16-bit capture)
0001 1 Every Rising (32-bit capture)
0010 0 Every Falling (16-bit capture)
0010 1 Every Falling (32-bit capture)
0011 0 Every Rise/Fall (16-bit capture)
0011 1 Every Rise/Fall (32-bit capture)
0100 0 Every 4th Rising (16-bit capture)
0100 1 Every 4th Rising (32-bit capture)
0101 0 Every 16th Rising (16-bit capture)
0101 1 Every 16th Rising (32-bit capture)
FIGURE 16-6: INPUT CAPTURE x BLOCK DIAGRAM
1CS<2:0>
+ MOD<3:0> OPS<3:0>
—
ICx Clock :: Clock . Edge D:rt%ct Logic . Elrta:rtrjgtd Set CCPxIF
Sources —»| Select Clock Synchronizer Logic
—
A
Increment
i Tri rand e 16 i— ﬂ:
Tragerand ooy | Tgorand | | COPXTMRHL | b.ﬁ}: HLovel FIFO Bufer | | 5
f | |
T32 =: :
! I 16
|
|

‘ CCPxBUFx | ]

System Bus
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REGISTER 22-13: ALMDATEL: RTCC ALARM DATE REGISTER (LOW)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — DAYTEN1 DAYTENO DAYONE3 ‘ DAYONE2 | DAYONE1 DAYONEO
bit 15 bit 8

u-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0

— — — — — WDAY2 WDAY1 WDAYO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13-12

bit 11-8

bit 7-3
bit 2-0

Unimplemented: Read as ‘0’

DAYTEN<1:0>: Binary Coded Decimal Value of Days ‘10’ Digit bits
Contains a value from 0 to 3.

DAYONE<3:0>: Binary Coded Decimal Value of Days ‘1’ Digit bits
Contains a value from 0 to 9.

Unimplemented: Read as ‘0’

WDAY<2:0>: Binary Coded Decimal Value of Weekdays ‘1’ Digit bits
Contains a value from 0 to 6.

REGISTER 22-14: ALMDATEH: RTCC ALARM DATE REGISTER (HIGH)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
YRTEN3 YRTENZ2 YRTEN1 YRTENO YRONE3 ‘ YRONE2 | YRONE1 YRONEO
bit 15 bit 8
U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — MTHTEN MTHONE3 MTHONE2 MTHONE1 MTHONEO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-12
bit 11-8
bit 7-5
bit 4

bit 3-0

YRTEN<3:0>: Binary Coded Decimal Value of Years ‘10’ Digit bits
YRONE<3:0>: Binary Coded Decimal Value of Years ‘1’ Digit bits
Unimplemented: Read as ‘0’

MTHTEN: Binary Coded Decimal Value of Months ‘10’ Digit bit

Contains a value from 0 to 1.

MTHONE<3:0>: Binary Coded Decimal Value of Months ‘1’ Digit bits

Contains a value from 0 to 9.
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24.0 CONFIGURABLE LOGIC CELL
(CLC)

The Configurable Logic Cell (CLC) module allows the
user to specify combinations of signals as inputs to a
logic function and to use the logic output to control
other peripherals or 1/O pins. This provides greater
flexibility and potential in embedded designs, since the
CLC module can operate outside the limitations of
software execution and supports a vast amount of
output designs.

FIGURE 24-1: CLCx MODULE

There are four input gates to the selected logic func-
tion. These four input gates select from a pool of up to
32 signals that are selected using four data source
selection multiplexers. Figure 24-1 shows an overview
of the module. Figure 24-3 shows the details of the data
source multiplexers and logic input gate connections.

CLCIN[0] —
CLCIN[1]—
CLCIN[2] —
CLCIN[3] —
CLCIN[4] —
CLCIN[5] —
CLCIN[6] —]
CLCIN[7]—
CLCIN[8] —
CLCIN[9] —

CLCIN[10] —

CLCIN[11] —]

CLCIN[12] —

CLCIN[13]—

CLCIN[14] —

CLCIN[15]—

CLCIN[16] —

CLCIN[17] —

CLCIN[18] —

CLCIN[19] —

CLCIN[20] —

CLCIN[21] —

CLCIN[22] —

CLCIN[23] —

CLCIN[24] —

CLCIN[25] —

CLCIN[26] —

CLCIN[27] —

CLCIN[28] —

CLCIN[29] —

CLCIN[30] —

CLCIN[31] —

See Figure 24-2

LCEN
Gate 1

Gate 2 Logic

Gate 3 | Fynction [Logic
Gate 4 Output

Input Data Selection Gates

MODE<2:0>

See Figure 24-3

LCPOL

Note: All register bits shown in this figure can be found in the CLCxCONL register.

r— LCOE

CLCx | TRISx Control
Output
CLCx

Interrupt

T _/_det

Sets

CLCxIF
Flag

Interrupt

] N et
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25.2 Extended DMA Operations

In addition to the standard features available on all 12-bit
A/D Converters, PIC24FJ1024GA610/GB610 family
devices implement a limited extension of DMA func-
tionality. This extension adds features that work with
the device’s DMA Controller to expand the A/D
module’s data storage abilities beyond the module’s
built-in buffer.

The Extended DMA functionality is controlled by the
DMAEN bit (AD1CON1<11>); setting this bit enables
the functionality. The DMABM bit (AD1CON1<12>)
configures how the DMA feature operates.

25.21 EXTENDED BUFFER MODE

Extended Buffer mode (DMABM = 1) maps the A/D
Data Buffer registers and data from all channels above
26 into a user-specified area of data RAM. This allows
users to read the conversion results of channels above
26, which do not have their own memory-mapped A/D
buffer locations, from data memory.

To accomplish this, the DMA must be configured in
Peripheral Indirect Addressing mode and the DMA
destination address must point to the beginning of the
buffer. The DMA count must be set to generate an
interrupt after the desired number of conversions.

In Extended Buffer mode, the A/D control bits will function
similarly to non-DMA modes. The BUFREGEN bit will still
select between FIFO mode and Channel-Aligned mode,
but the number of words in the destination FIFO will be
determined by the SMPI<4:0> bits in DMA mode. In FIFO
mode, the BUFM bit will still split the output FIFO into two
sets of 13 results (the SMPIx bits should be set accord-
ingly), and the BUFS bit will still indicate which set of
results is being written to and which can be read.

25.2.2 PIA MODE

When DMABM = 0, the A/D module is configured to
function with the DMA Controller for Peripheral Indirect
Addressing (PIA) mode operations. In this mode, the
A/D module generates an 11-bit Indirect Address (lA).
This is ORed with the destination address in the DMA
Controller to define where the A/D conversion data will
be stored.

In PIA mode, the buffer space is created as a series of
contiguous smaller buffers, one per analog channel.
The size of the channel buffer determines how many
analog channels can be accommodated. The size of
the buffer is selected by the DMABL<2:0> bits
(AD1CON4<2:0>). The size options range from a
single word per buffer to 128 words. Each channel is
allocated a buffer of this size, regardless of whether or
not the channel will actually have conversion data.

The IA is created by combining the base address within
a channel buffer with three to five bits (depending on
the buffer size) to identify the channel. The base
address ranges from zero to seven bits wide, depend-
ing on the buffer size. The address is right-padded with
a ‘0’ in order to maintain address alignment in the Data
Space. The concatenated channel and base address
bits are then left-padded with zeros, as necessary, to
complete the 11-bit IA.

The IA is configured to auto-increment which channel
is written in each analog input’s sub-buffer during write
operations by using the SMPIx bits (AD1CON2<6:2>).

As with PIA operations for any DMA-enabled module,
the base destination address in the DMADSTNn register
must be masked properly to accommodate the IA.
Table 25-1 shows how complete addresses are
formed. Note that the address masking varies for each
buffer size option. Because of masking requirements,
some address ranges may not be available for certain
buffer sizes. Users should verify that the DMA base
address is compatible with the buffer size selected.

Figure 25-2 shows how the parts of the address define
the buffer locations in data memory. In this case, the
module “allocates” 256 bytes of data RAM (1000h to
1100h) for 32 buffers of four words each. However, this
is not a hard allocation and nothing prevents these
locations from being used for other purposes. For
example, in the current case, if Analog Channels 1, 3
and 8 are being sampled and converted, conversion
data will only be written to the channel buffers, starting
at 1008h, 1018h and 1040h. The holes in the PIA buffer
space can be used for any other purpose. It is the
user’s responsibility to keep track of buffer locations
and prevent data overwrites.
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REGISTER 25-7:

ANCFG: A/D BAND GAP REFERENCE CONFIGURATION REGISTER

u-0 u-0 U-0 U-0 u-0 u-0 U-0 u-0
bit 15 bit 8
u-0 u-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — vBGUsSBW | vBGADC® | vBGCMPW | VBGEN®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-4
bit 3

bit 2

bit 1

bit 0

Note 1:

Unimplemented: Read as ‘0’

VBGUSB: Band Gap Reference Enable for USB bit(})

1 = Band gap reference is enabled

0 = Band gap reference is disabled

VBGADC: Band Gap Reference Enable for A/D bit()

1 = Band gap reference is enabled

0 = Band gap reference is disabled

VBGCMP: Band Gap Reference Enable for CTMU and Comparator bit(®)
1 = Band gap reference is enabled

0 = Band gap reference is disabled

VBGEN: Band Gap Reference Enable for VREG, BOR, HLVD, FRC, DCO, NVM and A/D Boost bit®

1 = Band gap reference is enabled
0 = Band gap reference is disabled

When a module requests a band gap reference voltage, that reference will be enabled automatically after
a brief start-up time. The user can manually enable the band gap references using the ANCFG register
before enabling the module requesting the band gap reference to avoid this startup time (~1 ms).

© 2015-2016 Microchip Technology Inc.

DS30010074D-page 361



PIC24FJ1024GA610/GB610 FAMILY

REGISTER 25-10: AD1CSSH: A/D INPUT SCAN SELECT REGISTER (HIGH WORD)

U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
— CSS<30:28> — | CSS<26:24>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSS<23:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 CSS<30:28>: A/D Input Scan Selection bits
1 = Includes corresponding channel for input scan
0 = Skips channel for input scan

bit 11 Unimplemented: Read as ‘0’

bit 10-0

CSS<26:16>: A/D Input Scan Selection bits

1 = Includes corresponding channel for input scan
0 = Skips channel for input scan

REGISTER 25-11: AD1CSSL: A/D INPUT SCAN SELECT REGISTER (LOW WORD)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSS<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSS<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0

CSS<15:0>: A/D Input Scan Selection bits

1 = Includes corresponding channel for input scan
0 = Skips channel for input scan
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FIGURE 25-4:

12-BIT A/D TRANSFER FUNCTION

Output Code
(Binary (Decimal))

v

1111 1111 1111 (4095) + —
1111 1111 1110 (4094) + L

0010
0010
0010
0010
0001
0001
0001

0000
0000
0000
0000
1111
1111

0011 (2051)
0010 (2050)
0001 (2049)
0000 (2048)
1111 (2047)
1110 (2046)

1111 1101 (2045)

0000 0000 0001 (1) + -
0000 0000 0000 (0)

Voltage Level —p»

4096

(VINH — VINL)

4095 * (Vg4 — VR))
4096

VR +
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NOTES:
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NOTES:
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REGISTER 29-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER

R/W-0 U-0 R/W-0 u-0 R/W-0 r-1 r-1 R-0, HS, HC
HLVDEN — LSIDL — VDIR BGVST IRVST LVDEVT®
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — — HLVDL3 HLVDL2 HLVDLA1 HLVDLO
bit 7 bit 0
Legend: HS = Hardware Settable bit HC = Hardware Clearable bit r = Reserved bit
R = Readable bit W = Writable bit ‘0’ = Bit is cleared x = Bit is unknown
-n = Value at POR ‘1’ = Bit is set U = Unimplemented bit, read as ‘0’
bit 15 HLVDEN: High/Low-Voltage Detect Power Enable bit

1 = HLVD is enabled
0 = HLVD is disabled

bit 14 Unimplemented: Read as ‘0’
bit 13 LSIDL: HLVD Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12 Unimplemented: Read as ‘0’
bit 11 VDIR: Voltage Change Direction Select bit

1 = Event occurs when voltage equals or exceeds trip point (HLVDL<3:0>)
0 = Event occurs when voltage equals or falls below trip point (HLVDL<3:0>)

bit 10 BGVST: Reserved bit (value is always ‘1’)
bit 9 IRVST: Reserved bit (value is always ‘1’)
bit 8 LVDEVT: Low-Voltage Event Status bit(®)

1 = LVD event is true during current instruction cycle
0 = LVD event is not true during current instruction cycle
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 HLVDL<3:0>: High/Low-Voltage Detection Limit bits
1111 = External analog input is used (input comes from the HLVDIN pin)
1110 = Trip Point 13
1101 = Trip Point 2
1100 = Trip Point 30
0100 = Trip Point 11(})
00xx = Unused

Note 1: For the actual trip point, see Section 33.0 “Electrical Characteristics”.

2:  The LVDIF flag cannot be cleared by software unless LVDEVT = 0. The voltage must be monitored so that
the HLVD condition (as set by VDIR and HLVDL<3:0>) is not asserted.
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100-Lead Plastic Thin Quad Flatpack (PT) — 12x12x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
D1
(nnnnnnaTanATIRTAONTD
= =
= = | E
= = E1
N =
UUIOTToOrmoormuuraom ]
NOTE 1 123 NOTE 2 /\\ o
c ¢ $
lJLuUMMM&ULMM&_}) \ \V A { lililililililililililililililalilalalillalililal; }
. \/ J Lq’ J *’“J ]
B L LAl—— A2
Units MILLIMETERS

Dimension Limits MIN | NOM MAX
Number of Leads N 100
Lead Pitch e 0.40 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ) 0° 3.5° 7°
Overall Width E 14.00 BSC
Overall Length D 14.00 BSC
Molded Package Width E1 12.00 BSC
Molded Package Length D1 12.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.13 0.18 0.23
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. Chamfers at corners are optional; size may vary.

2
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-100B
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Code Examples

Basic Clock Switching.........cccooiiiiiniiinicccecee 127
Configuring UART1 Input/Output Functions ............. 163
Double-Word Flash Programming (C Language) ....... 96
EDS Read from Program Memory in Assembly.......... 79
EDS Read in Assembly.........ccccoviiiiiiiiiiiiiiecns
EDS Write in Assembly ..........ccccovieiiiiiieiiieen.
Erasing a Program Memory Block (C Language)

Initiating a Programming Sequence............ccccccceeevees

IOC Status Read/Clear in Assembly............ccccceenee.

Port Read/Write in Assembly ..............

Port Read/Writein C ..............

PWRSAV Instruction Syntax.. .

Setting WRLOCK Bit......ccccvviiiieiiiie e
Code Memory Programming Example

Double-Word Programming ...........ccccceecveenienneeieenene. 95

Page Erase ........ccooeeviiiiiiiceieeeeeee e 93
Code Protection ..o 406
Comparator Voltage Reference ...........cccocovvciiiiciicicece 375

CONfIQUIING ...t e 375
Configurable Logic Cell (CLC) .....coooueriiiiiiiiiiieiiieeeeene 337
Configurable Logic Cell. See CLC.
Configuration BitS..........cccoviiiiiiiiiii 389

Configuration Word Addresses ...

Core Features ... .21
CPU. .o 4T
Arithmetic Logic Unit (ALU).......ccevviieiiiiiieiiiccieene 52
Clocking Scheme ..o 116
Control Registers ... ....50
Core Registers........... ... 48

Programmer’s Model..........c.ccociiiiininiiciineceees 47
CRC
Data Shift Direction ...........cccceeiiiiiiiiiiiice
Interrupt Operation.... .
Polynomials..........cocoeuiiiiiiiiii e
Setup Examples for 16 and 32-Bit Polynomials......... 332
User Interface .........coceviiiiiiiiiniieeee e 332
CTMU
Measuring Capacitance ..........ccccccceeeviiieiniiccniieeeee 377
Measuring Die Temperature ..........c.ccceceeniinicenens 380
Measuring Time/Routing Current to
AD INPUt PN 378
Pulse Generation and Delay ..... ..378
Customer Change Notification Service . ..463
Customer Notification Service............ccccooviiiiiiiinine 463
Customer OTP MeMOIY .......ccccoomiiiiiiieneeiieeee e 406
CUuStomMEr SUPPOTt......ooiiiiiiiiiiie e 463
Cyclic Redundancy Check. See CRC.
D
Data Memory Space ..........cccccueeene

Extended Data Space (EDS).
MEMOrY MaP ......eiiiiiiiieiiee e
Near Data SPace .........coccvvievieeeiiiiieie e
Organization, Alignment...
SFR Space.......ccccceeuee.
Implemented Regions....
Map, 0000h BIOCK ......c.covveieeieiiee e
Map, 0100h Block
Map, 0200h Block ....
Map, 0300h Block
Map, 0400h Block
Map, 0500h Block
Map, 0600h Block
Map, 0700h Block ....
Software Stack..........ccccoiviiiiiiii

DC Characteristics
Comparator Specifications...........cccccoevveciinienneenene.
Comparator Voltage Reference Specifications .
CTMU Current SOUICE........cceeevueeeiieieeieesreeeseee e
A Current (BOR, WDT, HLVD, RTCC)......cccecveunnen.
High/Low-Voltage Detect....................

I/0 Pin Input Specifications.....
I/O Pin Output Specifications.. .
Idle Current (IIDLE) .....ccuveiiiieeiiee e
Internal Voltage Regulator Specifications.................
Operating Current (IDD) .......cccccvrrvveenieennne.

Power-Down Current (IPD)..
Program Memory .........ccccoeveevieencinnieeene. .
Temperature and Voltage Specifications..................
Thermal Operating Conditions............ccocoeviiiieennines
Thermal Packaging .

Development SUPPOrt.........cccceiiiiiiieniie e

Device Features
100 and 121-Pin Devices.........ccccceeriiiiienienieiieeeeee. 24
64-Pin DEVICES......ccviiiiiiiiie e 23

Device ID
Bit Field Descriptions ...........cccocveiiinninicceccieeen 402
REGIStErs ....cviiiiiiie 402

Direct Memory Access Controller. See DMA.

DMA
Channel Trigger SOUrCes..........cccoecvieieencveenienieeinens 88
Control RegISters.........cooiiiiiiiiiiiiec e 84
Peripheral Module Disable (PMD) Registers.............. 84
Summary of Operations
Types of Data Transfers

Typical Setup........ccee.e.
DMA CONrOllET ..ot
DINL .ttt
E
Electrical Characteristics ..........ccocveiiiiiiiiiiiee e 419

Absolute Maximum Ratings .419

V/F Graph (Industrial) ......... ..420
Enhanced Parallel Master Port (EPMP) ..........cccoviieennens 299
Enhanced Parallel Master Port. See EPMP.

EPMP

Key Features ..........cccoviiiiiiiiiie e 299

Package Variations...........cccccoecveninninniccecceeenn 299

Pin DeSCriptioNS......cccoiiiiiiiiiee e 300

PMDIN1, PMDIN2 Registers .........cccocevvvecrenienreninnn. 299

PMDOUT1, PMDOUT2 Registers ........ccccccceenuerunene 299
Equations

16-Bit, 32-Bit CRC Polynomials............cccccceivenuennen. 332

A/D Conversion Clock Period ..........cccccoeviiiiinnnenne.

Baud Rate Reload Calculation
Calculating Frequency Output

Calculating the PWM Period............cccoveueene .
Calculation for Maximum PWM Resolution .............. 203
Estimating USB Transceiver

Current Consumption ..........cccoeeeecvenciinnieencneenns 269
Relationship Between Device and

SPIxX Clock Speed.........cccuveieieeiiiiiiiineee e 246
UARTx Baud Rate with BRGH =0.........ccccceeveeenns 257
UARTx Baud Rate with BRGH =1 .........cccceeiieenes 257

Errata

Extended Data Space (EDS)........ccccoouieiiiniieniciieeiee 299
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